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Cis-PtAbstract Complexes of Cr(III), Cd(II), Ni(II), Pd(II) and Cu(II) with new ligand sodium [5-(p-
nitro phenyl)-/4-phenyl-1,2,4-triazole-3-dithiocarbamato hydrazide] (TRZ.DTC) have been pre-
pared and characterized in solid state by using ﬂame atomic absorption, elemental analysis
C.H.N.S, FT-IR, UV–vis spectrophotometry, thermal analysis TGA, conductivity and magnetic
susceptibility measurements. The ratio of M:L and logK was determined by molar ratio method.
From the spectral studies, an octahedral monomer structure was proposed for all complexes except
copper(II) which has a dimeric structure. Cadmium(II) has tetrahedral geometry. Structural geom-
etries of these compounds were also suggested in gas phase by using hyper chem-8 program. The
heat of formation, binding energy, and dipole moment were calculated by PM3 and ZINDO/1
methods. ZINDO/1 was used to evaluate the vibration spectra of the (TRZ.DTC) ligand and start-
ing material as authentic compound. Cytotoxic effect of Pd, Cu and ligand was evaluated against
Rhabdomyosarcoma cell line by using four different concentrations (500, 250, 125 & 62.5 lg/ml) in
three exposure times 24, 48 and 72 h and compared this effect with control positive Cis-Pt. The efﬁ-
ciency of these new compounds on RD cell line may be attributed to blocking the protein synthesis
of the cells.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dithiocarbamates are chemicals with a great chelating capac-
ity. Their synthesis is relatively simple (Hogarth et al., 2008).
A large number of analogs of cisplatin have been tested forthese anticancer activities and it has been reported that active
complexes react with the DNA of tumors and inhibit its syn-
thesis (Gao et al., 2008). Recently, attention has been focused
on the DNA binding properties of dithiocarbamate metal
complexes. Several of them have been famed to be potentially
biologically active agents (Islamic-Moghaddam et al., 2009).
The broad pharmacological properties of dithiocarbamates
are linked to the presence of sulfur atoms and the formation
of a chelate with metal ions (Mohammad et al., 2009). In this
paper, we focused on the binding and pharmacology of dithio-
carbamato moiety in the presence of triazole ring and hydra-
zide in the same structure as an anticancer drug.
Synthesis and cytotoxic effect on RD cell line ofPd(II) and Cu(II) 251.1. Experimental
All the chemicals were of analytical analar grade. Metal salts
used in this study are chromium chloride trihydrate
CrCl3.3H2O, cadmium nitrate tetrahydrate Cd(NO3)2Æ4H2O,
nickel nitrate hexahydrate Ni(NO3)2Æ6H2O, copper nitrate tri-
hydrate Cu(NO3)2.3H2O from (BDH) and dichloro bis-benzo-
nitrile PdCl2(PhCN)2. The metal analysis was performed by
AA-680 Shimadzu Atomic Absorption Spectrophotometer.
The elemental Analysis (C.H.N.S) of compounds was carried
out with EM-017. The electronic spectra were recorded on a
Shimadzu UV-160 Spectrophotometer. FTIR spectra were re-
corded using IR Prestige-21 Spectrophotometer as CsI disc.
Thermal analysis TGA was performed with 4000 Perkin–El-
mer. Magnetic susceptibility measurements were determined
using Burker BM6 instrument at room temperature. The molar
conductance was measured in DMF as a solvent at room tem-
perature using WTW conductometer type. Melting point appa-
ratus of Gallen Kamp M.F.B-60 was used. Optical density of
each well in cell culture plates in cytotoxic assay was read by
micro ELISA reader ASYS, Austria at a transmitting wave
length on 492 nm, Plates of cell culture were incubated at
37 C in SANYO, incubator Japan.
1.2. Synthesis of sodium [5-(p-nitro phenyl)-/4-phenyl-1,2,4-
triazole-3-dithiocarbamato hydrazide] (L)
A mixture of 1-Phenyl-4-(p-nitro benzoyl) thiosemicarbazide
(0.0006 mole, 0.2 g) and 15 ml of 2 M sodium hydroxide solu-
tion was reﬂuxed with stirring for 4 h. After cooling, the solu-
tion was acidiﬁed with hydrochloric acid and the precipitate
was ﬁltered. (0.01 mole) of this precipitate and 15 ml of hydra-
zine hydrate in 15 ml of absolute ethanol were reﬂuxed for 5 h.
After cooling, the mixture was ﬁltered off. To (0.1 mol, 16.5 g)
of the previous mixture in ethanol excess of carbon disulﬁde
was added in the presence of NaOH in ethanolic solution
and the mixture was reﬂuxed for one hour. The excess ofC
O
NH NH C
S
NH PhO2 N NaOH+
NH 2 NH 2 .H2O O+I reflux 5 hrs
II exesses of CS 2NaOH O 2 N+
reflux 1 hrs
Scheme 1 General steps of preparatisolvent and carbon disulﬁde was then distilled off, the resulting
solid (Scheme 1) was recrystallized from acetone.
1.3. Synthesis of complexes
New (TRZ.DTC) (0.394 g, 1 mmole) in complexes which con-
tain 1:1 ratio of M:L or (0.788 g, 2 mmole) in complexes which
contain 1:2 ratio of M:L was dissolved in (15 ml) of absolute
ethanol followed by the addition (5 ml) of metal salt drop by
drop in ethanolic solution. The reaction molar ratio for chro-
mium and copper complexes is (1:1) and (1:2) for cadmium,
nickel and palladium complexes. The resulting precipitate
was ﬁltered and washed with water and recrystallized from eth-
anol then dried at 50 C for 1 h (Table 1).
1.4. Cytotoxic assay
The in vitro cytotoxic assay was carried out on Rhabdomyo-
sarcoma cell line, RD. The cells were cultured in minimum
essential media supplemented with 10% fetal calf serum,
50 mg/ml streptomycin and 1000 U/L penicillin. Cell line was
grown as a monolayer in humidiﬁed atmosphere at 37 C with
5% CO2. The experiments were performed when cells were
healthy and at logarithmic phase of growth. The assay of
each concentration for each compound, was performed in trip-
licate. Cis-platin was added as a positive control, only cells
incubated with culture media represented the negative control,
and then the 96-well cell culture plate was incubated at 37 C
supplemented with 5% CO2 for 24, 48 and 72 h (Freshney,
2000).
1.5. Statistical analysis
Data were analyzed by 2-way analysis of variance with ANO-
VA-test. Data are presented as means ± SD. The level of sig-
niﬁcance P< 0.05 was used for analysis of variance test
(ANOVA) (Al-Mohammed et al., 1986).H +
reflux 4 hrs
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26 M. Alias et al.2. Results and discussion
2.1. FTIR spectra
According to the criterion of Bonati and Ugo (Bonati and
Ugo, 1967) the presence of a solitary band in the range 950–
1050 cm1 is due to symmetrical bidentate coordination of
the dithiocarbamato group while the splitting of this band
within a narrow range of ±20 cm1 is due to the asymmetrical
ansiobidentate or monodentate nature of the dithiocarbamato
group (Siddiqi et al., 2006). The singlet in the infrared spec-
trum of dithiocarbamato ligand conﬁrms the equivalence of
the S-atoms, but the splitting in the infrared spectrum indicates
non-equivalence of the S-atoms in these compounds. In the
present work, the bands appeared in this region are splitting
refers to ansiobidentate binding of dithiocarbamato group
(Eng et al., 2003). The ligand exhibited m(C–S) band at
995 cm1 and 1041 cm1 indicate which undergo shift to lower
frequencies in complexes. The m(C–N) appeared in the region
(1450–1550) cm1 as thioureide band (Rayag et al., 2006). It
can appear outside the region as proposed in the literature at
lower frequencies, especially when the S2CN group attached
to the N atom is an aryl or H (Awang et al., 2010). A m(C–
N) band at (1438–1465) cm1 region was observed (Rayag
et al., 2006), while the band at (1496) cm1 of mN–N mode re-
mained unchanged, except in Cd(II) complex which showed a
slight increase toward higher frequencies. The m(NH) and
d(NH) showed neglectable change. A band observed around
(3417–3464) cm1 in the spectra of metal complexes, assigned
to the m-OH which refer to the presence of uncoordination
EtOH or H2O. Another new bands appeared which were sup-
ported by the appearance frequencies of m(M–S) and m(M–O)
bond (Yousif, 2012), (Table 2).
2.2. Electronic spectra
The electronic spectra of compounds were recorded as solution
in DMF solvent. The electronic spectrum of free ligand (L)
exhibited three main bands (Islamic-Moghaddam et al., 2009;
Leka et al., 2004). The ﬁrst absorption band appeared at
266 nm (37593.98) cm1 due to interaligand (pﬁp*) transition
located on the. The second absorption band located at 312 nm
(32051.28) cm1 also arises from (pﬁp*) transition, but within
the group. The third absorption band is attributed to (nﬁp*)
electronic transition located on the sulfur atoms which ap-
peared at 353 nm (28328.61) cm1(Islamic-Moghaddam et al.,
2009; Leka et al., 2004).
2.3. CrL
The v1, v2 transitions are spin-allowed and Laporte-forbidden.
Bn, 10Dq and ß were calculated by using Tanabe-Sugano for d3
system (Table 3). The magnetic moment value (3.02) B.M. for
chromium (III) agrees with octahedral geometry around Cr
(III) ion (Siddiqi et al., 2006). The conductance measurements
indicate the non-ionic behavior.
2.4. CdL
TheCd complex shows relative change in the bandposition com-
pared to that of the free ligand (Al-Janabi, 1983) (Table 3). The
Table 2 Diagnostic FTIR bands of the ligand and complexes (cm1).
Comp. mNH (1,2) dNH(1,2) m C@@S m C–S m N–N m C–N M–S M–O
L 3380 1652 1041 995 1496 1438 – –
3380 1652
CrL 3380 1651 1037 937 1496 1450 428 –
3380 1651
CdL2 3380 1651 1033 960 1496 1458 443 –
3380 1651
NiL2 3382 1652 1022 941 1496 1454 405 547
3382 1652
PdL2 3380 1651 1018 937 1496 1458 443 –
3380 1651
CuL 3383 1651 1026 952 1500 1454 420 532
3383 1651
Table 3 Electronic spectra, conductance in DMF solvent and magnetic moment (B.M) for the prepared ligand and its metal
complexes.
Comp. Absorbtion
Bands(cm1)
Assignment B B/ b Dq/B/ 10Dq 15B/ leﬀ B.M. Nature
of bond
lscm1 Suggested
geometry
CrL 15752.99 4A2gﬁ4T2g 918 888.20 0.96 1.8 15987.6 13578.47 3.02 Ionic 46.3 O.h
24473.81 A2gﬁ4T1g(F)
24218.34(cal.) 4A2gﬁ4T1g(P)
36363.63
CdL2 28571.42 ILCT — — — — — — 0 — 11.2 Td.
32362.45
370337.03
NiL2 13422.81
3A2gﬁ1Eg 1035 683.66 0.66 1.7 11622.22 10031 3.05 Covalent 20.3 O.h
11600.92 3A2gﬁ3T2g
17436.79 3A2gﬁ3T1g(F)
17660.4(cal.) 3A2gﬁ3T1g(P)
27397.26
PdL2 11834.31
3A2gﬁ1Eg — — — — — — 0 — 46.3 O.h
10879.56 3A2gﬁ3T2g
20202.02 3A2gﬁ3T1g(F)
26316.78 3A2gﬁ3T1g(P)
CuL 10869.56 2B1gﬁ2A1g — — — — — — 1.04 — 54 O.h
13245.03 2B1gﬁ 2Eg
25974.02 L ﬁCuCT
ILCT: Internal ligand charge transfer.
Synthesis and cytotoxic effect on RD cell line ofPd(II) and Cu(II) 27conductivity measurements in DMF at room temperature
showed it to be non-ionic.
2.5. NiL
The green-gray color of the present complex is postulated to be
distorted octahedral with their respective values. The 10 Dq
(11622.22 cm1) is equal to the ﬁrst transition v1. The band
at (13422.81) cm1 is assigned to the spin-forbidden transition
3A2gﬁ1Eg (Pastorek et al., 2001). More evidence for the sug-
gested octahedral geometry of the present complex is sup-
ported by the absences of band in the range (20,000) cm1
which is characteristic for square planar Ni(II) complexes(Sid-
diqi et al., 2006; Greenwood and Ernshaw,1998). Magnetic
moment 3.05 B.M and the conductivity measurement show
that the complex is non-ionic.2.6. PdL
In the spectrum of Pd complex, a weak band is observed at
(11834.31) cm1 which is attributed to the spin-forbidden
3A2gﬁ1Eg transition (Figgis and Hitchman, 2000). The posi-
tion of these bands is in agreement with that reported for octa-
hedral geometry (Figgis and Hitchman, 2000). The complex is
dimagnetic moment in solid state is found to be zero Bohr
magneton.
2.7. CuL
In the present work, the brown color of Cu(II) complex shows
three bands at (10869.56), (13245.03) and (25974.02) cm1
which refers to distorted octahedral geometry and can be as-
signed to 2B1gﬁ2A1g, 2B1gﬁ2Eg (Manohar et al., 2010). The
Table 4 Thermal analyses data for metal complexes of TRZ.DTC.
Comp. Dissociation stages Temp range in TG C Weight loss Found (Calcd.)% Decomposition assignment.
CrL Stage I 75–120 5.49 (5.38) Coordination water molecules.
Stage II 250–850 started deligation processes 21.33 (20.64) Outer sphere EtOH.
Stage III 56.61 (56.55) C15H11N6O2Cl2 of ligand.
Stage IV 17.98 (17.35) CrS2.
CdL2 Stage I 75–120 1.56 (1.041) Outer of sphere water molecules.
Stage II 250–850 started deligation processes 71.55 (71.04) 2C15H11N6O2 of ligand.
Stage III 27.12 (27.81) CdS4.
NiL2 Stage I 75–120 3.98 (3.77) Coordination water molecules
Stage II 250–850 started deligation processes 11.34(12.07) Outer sphere EtOH.
Stage III 64.87(64.46) 2C15H11N6O2 of ligand.
Stage IV 20.03(19.60) NiS4.
PdL2 Stage I 75–120 5.65 (5.13) Outer sphere EtOH.
Stage II 250–850 started deligation processes 69.01(68.58) 2C15H11N6O2 of ligand.
Stage III 26.78 (26.18) PdS4.
CuL Stage I 75–120 5.95 (5.76) Coordination water molecules.
Stage II 250–850 started deligation processes 13.98 (14.72) Outer sphere EtOH.
Stage III 9.29 (9.92) 2ONO2.
Stage IV 48.88 (49.12) 2C15H11N6O2 of ligand.
Stage V 19.86 (20.40) 2CuS2
[CrL(H2O)2Cl2].3EtOH             [CdL2].1/2H2O
[NiL2(H2O)2].2.5EtOH 
[PdL2]. EtOH                             [Cu2L2(NO3)2(H2O)4].4EtOH   
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Table 5 Stability constant and molar absorbtivity of dithiocarbamato complexes at room temperature.
Compound As Am a K L mol
1 e L mol1+cm1 kmax/nm
CrL 0.333 0.396 0.159 3.33 · 104 3960 410
CdL2 0.473 0.666 0.289 7.40 · 105 (#) 6660 384
NiL2 0.263 0.39 0.325 4.92 · 106 (#) 3900 400
PdL2 0.263 0.386 0.318 5.32 · 106 (#) 3860 440
CuL 1.083 1.156 0.063 2.36 · 105 11560 385
Where: (#) L2.mol -2.
Table 6 Conformation energetic (in K J mol1) and dipole moment (in Debye) for ligand and its complexes.
Comp. PM3 ZINDO/1
DHf DEb l DHf DEb l
L – – – 7885.730957 11977.9707 11.55
CrL 278.5500793 4239.957031 10.88 8033.29541 12551.80273 22.65
CdL2 474.6110535 7684.88916 8.758 15649.95313 23809.45313 8.584
NiL2 866.4437866 6462.914063 9.175 12656.06055 19985.41797 10.97
PdL2 477.0289612 7745.750977 8.139 17135.2427814 25358.0227814 24.36
CuL 456.4655151 8964.789063 19.16 17632.51758 27053.77148 11.29
Synthesis and cytotoxic effect on RD cell line ofPd(II) and Cu(II) 29third band may be a charge transfer transition, (Table 3). The
leff value 1.04 B.M. suggested dimeric structure leading to
spin–spin coupling (Greenwood and Ernshaw, 1998).
2.8. Thermal analyses
The results of the solid complexes are listed in (Table 4). The
results show good agreement with the structures suggested
from the analytical data (Table 1). A general decomposition
pattern was concluded, whereby the complexes decomposed
in two stages for ligand. Besides these two decomposition
stages, those complexes which have coordinated water and/
or ethanol exhibited additional decomposition steps as well
as decomposition stage exhibit in CuL complex only refer to
coordinated nitrate group in this complex.3. Suggested structure of complexes
3.1. Solution study
Molar ratio method suggested that the metal to ligand ratio
was (1:1) for chromium and copper complexes and (1:2) for
cadmium, nickel and palladium complexes. The complexes
are highly stable according to their K value, (Table 5).
3.2. Theoretical study
The program Hyper Chem-8 was used for the semi-empirical
and molecular mechanical calculation at optimized energies,
the result of PM3 and ZINDO/1 methods of calculation in
gas phase for heat of formation (DHf), binding energy (DEb)
and dipole moment (l) for free and complex ligand are tabu-
lated in (Table 6). Also ZINDO/1 was used for evaluating
the vibration of new ligand. The calculated wave number for
the ligand was compared with the experimental frequencies
to predict the deviation.The electrostatic potential (E.P.) that describes the interac-
tion of energy of themolecular systemwith a positive point char-
ge.(E.P) of the ligand was plotted as two and three dimension
contours to investigate the reactive sites of the molecule. Also,
one can interpret the stereochemistry and rates of many reac-
tions involving soft electrophiles and nucleophiles in terms of
the properties of frontier orbitals (HOMO & LUMO). Overlap
between the HOMO and LUMO is a governing factor in many
reactions. The HOMO and LUMO values were plotted in a
three dimension counter to get more information about these
molecules Fig. 1. The results show that the LUMO of transition
metal ion prefers to react withHOMOof donor atoms of ligand.
3.3. Cytotoxic assay
The cytotoxicity of ligand and its complexes on RD cell line
(in vitro) may lead to a mechanism of action ligand according
to the literature. Without a reduced sulfydryl, dithiocarbamato
disulﬁdes thiolate anions, are believed to have no antiprolifer-
ative activity against cancer due to their incapability to func-
tion as antioxidants (John, 2006). The anti-neoplastic activity
was attributed to pro-apoptotic redox-related mitochondrial
membrane permeability (John, 2006). Dithiocarbamates were
reported to induce apoptosis in thymocytes by raising the
intracellular level of redox-active copper and glutathione
(Nakatsu et al., 2005). Dithiocarbamate toxicity involves the
copper-catalyzed biotransformation to thiuram disulﬁdes,
which oxidize glutathione in cells without the release of reac-
tive oxygen species (Nakatsu et al., 2005), the cytotoxicity ef-
fect of new TRZ.DTC ligand is shown in Fig. 2. In this
paper, we have attempted to evaluate the cytotoxic effect of
copper and palladium complexes on cell lines (in vitro). This
is mainly because palladium complexes are about 105 times
more reactive than their Pt(II) analogs leading to rapid hydro-
lysis of the leaving group/group. Thus, their reactive species
formed are unable to reach their pharmacological targets
(Hacker et al., 1984). This problem may be solved by looking
HOMO & LUMO (L) in 2D HOMO & LUMO  (L) in 3D  
E.P (L) in 2D E.P (L) in 3D
Figure 1 HOMO, LUMO & Electrostatic potential as 2&3D counters for free ligand.
Figure 2 Shows the percentage inhibition rate in RD cell line after exposure to (TRZ.DTC) ligand at different times (24, 48 and 72 h)
comparable to control positive (Cis-Pt) and ligand.
Figure 3 Shows the percentage inhibition rate in RD cell line after exposure to PdL2 complex at different times (24, 48 and 72 h)
comparable to control positive (Cis-Pt) and ligand.
Figure 4 Shows the percentage inhibition rate in RD cell line after exposure to CuL complex at different times (24, 48 and 72 h)
comparable to control positive (Cis-Pt) and ligand.
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Table 7 Cytotoxicity on RD cell line during 24 h exposure.
Treatments Inhibition (means ± standard deviation SD) (%)
Concentrations 500 lg/ml 250 lg/ml 125 lg/ml 62.5 lg/ml
Control positive A,a 37.177 ± 0.881 A,b 33.967 ± 0.961 A,b 32.88 ± 0.22 A,c 27.263 ± 0.867
L B,a 46.773 ± 0.185 B,b 27.723 ± 0.55 A,c 30.73 ± 0.33 B,d 22.920 ± 0.672
PdL2 C,a 51.603 ± 0.055 C,b 43.610 ± 0.483 A,c 31.03 ± 0.77 B,d 19.983 ± 0.396
CuL D,a 57.467 ± 0.385 D,b 62.000 ± 0.295 B,c 55.69 ± 0.41 C,d 36.450 ± 0.621
Table 8 Cytotoxicity on RD cell during 48 h exposure.
Treatments % Inhibition (means ± standard deviation SD)
Concentrations 500 lg/ml 250 lg/ml 125 lg/ml 62.5 lg/ml
Control positive A,a 79.377 ± 1.643 A,ab 74.380 ± 1.090 A,b 69.657 ± 1.591 A,ab 73.200 ± 0.226
L A,a 76.830 ± 0. 90 A,a 74.653 ± 0.18 B,a 78.017 ± 0.103 A,a 79.043 ± 0.113
PdL2 A,a 77.837 ± 0.629 A,a 77.923 ± 0.985 B,a 79.010 ± 0.90 B,b 41.867 ± 0.501
CuL B,a 60.940 ± 0.689 A,b 76.107 ± 0.502 B,b 77.467 ± 0.643 A,b 78.107 ± 0.401
Table 9 Cytotoxicity on RD cell line during 72 h exposure.
Treatments Inhibition (means ± standard deviation SD) (%)
Concentrations 500 lg/ml 250 lg/ml 125 lg/ml 62.5 lg/ml
Control positive A,a 45.313 ± 0.761 A,b 41.840 ± 0.555 A,b 40.727 ± 0.500 A,a 46.427 ± 0.975
L B,a 47.673 ± 0.196 B,b 57.297 ± 0.472 B,c 43.643 ± 0.538 B,d 39.577 ± 0.245
PdL2 A,a 45.660 ± 0.140 C,b 48.167 ± 0.556 C,c 53.473 ± 0.099 C,d 41.383 ± 0.497
CuL C,a 67.530 ± 0.901 D,b 62.770 ± 0.934 D,c 56.607 ± 0.930 C,d 42.093 ± 0.542
Differences A, B, C are signiﬁcant (P< 0.05) to compression columns.
Differences a, b, c are signiﬁcant (P< 0.05) to compression rows.
Synthesis and cytotoxic effect on RD cell line ofPd(II) and Cu(II) 31for Pd (II) compounds having chelating ligand which may not
readily hydrolyze. A versatile class of such chelating ligands is
dithiocarbamates (Divsalar et al., 2007). Recently, new classes
of Palladium (II) complex containing dithiocarbamate ligand
have been reported, and in most cases, their cytotoxic activity
was greater than cisplatin and their suggested probable target
is DNA of the cells (Divsalar et al., 2007). In our study, the re-
sults showed the cytotoxic effect of new palladium dithiocarb-
amato (PdL) complex on RD cell line (in vitro) with inhibition
rates approximately equal to Cis-Pt Fig. 3 but the mechanism
of action of this complex remained unclear. The reports
showed that copper(II) dithiocarbamates complexes were
capable as potent proteasome inhibitors in a time and concen-
tration dependent manner under in vitro conditions, (Daniel
et al., 2004) [Fig. 4 and Tables 7–9)].
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